Oleamide (OA) and its mixtures with other lipids are of interest in some biological systems, as the tear film or the cerebrospinal fluid. In this work the behavior of OA, OA-DPPC (DPPC: dipalmitoylphospatidylcholine) and OA-cholesterol films is studied using surface pressure-area isotherms and AFM, and analyzing the collapse pressure vs. composition, the compressibility and the mean area vs. composition for several surface pressures.
Introduction
Oleamide (OA, cis-9-octadecenamide) is a monounsaturated lipid present in biological systems as the tear film, where is the major component of fatty amides in human Meibomian gland secretions [1] . The amount of oleamide present in the tear film is important but it function is not well known yet, but it has been proposed that can contribute in the syntomatology of dry eye and/or ocular surface signalling [1] . Dry eye syndrome is one of the most frustrating clinical problems in daily ophthalmic practice, and artificial tears may give symptomatic relief.
OA is also present in the cerebrospinal fluid of mammal animals, transfers signals in biochemical reactions, acts as a sleep-inducing lipid and affects neurotransmission signals. OA is found in the cerebrospinal fluid of sleep-deprived cats and has been shown to induce cannabimetic effects including suppression of pain and inflammation.
In addition, OA affects GABAergic, dopaminergic and serotonergic transmission [2] .
Casford and Davies [3] also indicate that OA is a biologically and neurologically active lipid, and that is a slip additive for polymeric and metallic friction modification. Other industrial use is as corrosion inhibitor or lubricant. Möhwald et al. [4, 5] also says that OA is an additive for medical use and food packaging in polymer products without dosage restriction and studies on the organization of OA mono and multilayers on graphite have been reported by these authors, which found a crystalline ordering in the plane of the interface when OA adsorbs on graphite. Casford and Davies [3] studied the structure of OA films at the Aluminum/Air interface by Sum Frequency Generation (SFG) Vibrational Spectroscopy and Reflection Absorption Infrared Spectroscopy (RAIRS), and found little orientational order at low compression but strong orientational order at high compression, with a perpendicular alignment of the aliphatic chain. Gu et al. [6] also suggested a perpendicular orientation of OA molecules on silver. More recent studies on OA physiological effects are [7] [8] [9] .
The lipid layer of tear film, the outermost layer of the tear film, is a complex mixture of polar and neutral lipids, as triglycerides, fatty acids, diesters, cholesterol, cholesterol and wax esters, hydrocarbons and polar lipids [1, [10] [11] [12] [13] [14] . The lipid layer plays a major role in balancing the evaporation and isotonicity of the aqueous tear layer, and also to impart stability to the tear film and to provide a smooth optical surface for the cornea [15] . Thus the quality of the lipid layer is very important, and studies on the filmforming properties of the lipid constituents are fundamental. Between them, the polar lipid 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), that is a phospholipid, and cholesterol are significant components. The study of OA, and its mixtures with other lipids, can help in the ex-situ model of the tear film, particularly of the lipid layer.
Recently, Georgiev et al. [16] studied the interactions of Meibomian gland secretion with polar lipids, as egg sphingomyelin or DPPC, in Langmuir monolayers. The studies of interactions between lipid components of the tear film may also help in the formulation of artificial tears. A former study in this direction is that of Dinslage [17] where PC and cholesterol were used to formulate a tear film substitute.
In this work the study of OA films using several subphases and mixtures with other lipids, as 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and cholesterol (CL) is thus presented.
Experimental
Dipalmitoylphospatidylcholine (DPPC) was purchased from Avanti Polar Lipids and cholesterol (CL) and oleamide (OA) (see scheme 1) were from Sigma-Aldrich. KH 2 The AFM topographic images of LB films were acquired in tapping mode using a
Multimode AFM controlled by a Nanoscope IV electronics (Veeco, Santa Barbara, CA).
Silicon tips with a nominal spring constant of 40 nN·nm -1 were used (ACT-W, Applied
Nanostructures, Santa Clara, CA). Images were acquired at 1.5 Hz and at minimum vertical force so as to reduce sample damage. The isotherms of DPPC are very similar at the three subphases, thus no influence of these ionic subphases has been observed. In figure 3 Table 1 ).
In figure 7 the isotherm of CL on water can be observed. Table 2 ). On the other hand, no noticeable influence of the compression velocity is observed. compositions, but especially for the lowest DPPC molar fraction (X(DPPC)=0.154). This result is significant since Georgiev et al. [12] found that in a pseudo-mixture of 6 ) also show the influence of OA on the DPPC phase change. Figure 5A shows the two phases LE and LC of DPPC at low surface pressures, 
